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STRUCTURE-ACTIVITY  RTLATIONSHIPS  AND  IMMUNOCHEMICAL 


Studies  on  the  Status  of  Arginine  Residues  in  Cobrotoxin 


Cobrotoxin  is  a  basic  protein  having  six  arginine  residues 
At  the  positions  28,  30,  33.  36,  39  and  59  in  the  sequence. 

In  this  study,  selective  and  stepwise  chemical  modification  of 
arginine  residues  were  conducted  with  a  group  specific  reagent, 
phenylglyoxal ,  at  varying  pH  and  the  degree  of  modification  in 
relation  to  the  lethal  activity  and  antigenic  specificity  has 
been  studied  in  details. 

Reaction  of  cobrotoxin  with  phenylglyoxal  at  pH  8.0 
resulted  in  almost  complete  loss  of  lethal  activity  and 
four  of  the  six  arginine  residues  were  modified  consequently. 
However,  the  rate  of  inactivation  was  decreased  significantly 
When  the  pH  of  the  reaction  was  lowered.  Only  one  arginine 
residue  at  position  28  was  modified  at  pH  6.0  and  the  product 
retained  full  biological  activity.  Arg-33  is  the  next  one 
siodified  when  the  reaction  was  carried  out  at  pH  6. 7  and  the 
lethality  drops  precipitously,  but  the  antigenic  activity 
was  not  altered  significantly.  However,  the  lethal  activity 
lost  almost  completely  and  the  antigenic  activity  decreased 
about  30  $  when  an  additional  arginine  residue  at  position 
30  was  modified  at  pH  7.5. 

These  results  indicate  that  Arg-30  and  Arg-33  are 
essential  for  the  lethal  activity  and  Arg-30  and  Arg-36  are 
8K>re  closely  related  to  the  antigenic  specificity  of  the 
toxin.  The  possible  mechanism  of  neuromuscular  blocking 
activity  of  snake  neurotoxin  is  discussed. 
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Cobrotoxin,  a  neu.ro toxic  crystalline  protein,  was  isolated 
i’r  ora  the  venom  of  Taiwan  cobra  ( Na  ja  naja  atra)  and  was  pi'oved 
to  be  the  main  toxic  protein  in  cobra  venom.  The  two-dimen¬ 
sional  structure  of  the  toxin  has  recently  been  established, 
permits  a  study  of  structure-function  relationships.  Preceding 
studies  on  the  chemical  modification  of  the  single  tryptophan, 
tyrosyl  and  histidvl  residues,  free  amino  and  carboxyl  groups 
in  cobrotoxin  suggested  that  either  the  intact  Trp-29,  Tyr-25, 
His-32,  e-amino  group  of  Lys— 4?  or  -r-carboxyl  group  of  Glu-21 
is  essential  for  full  activity  of  the  toxin. 

Cobrotoxin  is  a  basic  protein  having  srx  arginine  residues 
at  the  positions  28,  30,  33,  36,  39  and  59  in  the  sequence. 

In  this  study,  selective  and  stepwise  chemical  modification  of 
arginine  residues  were  conducted  with  a  group  specific  reagent, 
phenylglyoxal ,  at  varying  pH  and  the  degree  of  modification  in 
relation  to  the  lethal  activity  and  antigenic  specificity  has 
been  studied  in  details. 

Reaction  of  cobrotoxin  with  phenylglyoxal  at  pH  8.0 
resulted  in  almost  complete  loss  of  lethal  activity  and 
four  of  the  six  arginine  residues  were  modified  consequently. 
However,  the  rate  of  inactivation  was  decreased  significantly 
when  the  pH  of  the  reaction  was  lowered.  Only  one  arginine 
residue  at  position  28  was  modified  at  pH  6.0  and  the  product 
retained  full  biological  activity.  Arg-33  is  the  next  one 
modified  when  the  reaction  was  carried  out  at  pH  6,7  and  the 
lethality  drops  precipitously,  but  the  antigenic  activity 
was  not  altered  significantly.  However,  the  lethal  activity 
lost  almost  completely  and  the  antigenic  activity  decreased 
about  30  when  an  additional  arginine  residue  at  position 
30  was  modified  at  pH  7.5. 

These  results  indicate  that  Arg-30  and  Arg-33  are 
essential  for  the  lethal  activity  and  Arg-30  and  Arg-36  are 
mere  closely  related  to  the  antigenic  specificity  of  the 
toxin.  The  possible  mechanism  of  neuromuscular  blocking 
activity  of  snake  neurotoxin  is  discussed-. 
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B-2  Fig.  2.  Chromatography  of  Arg-moaified  cobrotoxin 
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6  mg  of  cobrotoxin  was  dissolved  in  0.5  nil  of  buffer 
solution  and  a  100-fold  molar  excess  of  phynylglyoxal 
in  1.5  ml  of  the  same  buffer  was  added.  Reaction 
was  allowed  to  proceed  at  27°C.  After  suitable  inter¬ 
vals  of  time,  aliquots  were  taken  for  determination 
of  lethal  activity.  Buffer  solutions  used  were:  0.1  M 
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of  RCM-cobrotoxin  and  RCM^Arg-modified  derivatives  at _  _  ; 
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B-6  Fig.  6.  Absorption  spectra  of  cobrotoxin  (Cbt)  and  22 

Arg-modif ied  derivatives.  Each  sample  (2  mg)  was 

dissolved  in  4  ml  of  0.01  M  ammonium  bicarbonate. 

Arg-28.,  represents  the  Arg-28  modified  toxin;  Arg-28 
&  33 1  Arg-28  &  33  modified  toxin;  Arg-28,  30  &  33, 

Arg-28,  30  &  33  modified  toxin;  Arg-28,  30,  33  &  36, 

Arg-28,  30,  33  &  36  modified  toxin. 

B-7  Fig.  7.  Quantitative  precipitation  reactions  of  23 

cobrotoxin  and  the  Arg-modified  derivatives  with 
anti-cobrotoxin  serum.  0.4  ml  of  antiserum  was  used 
in  each  case.  • ,  cobrotoxin;  a* — a,  Arg-28  modified 
toxin  (at  pH  6.0);  a — a,  Arg-28  &  33  modified  toxin 
(at  pH  6.7);  x— — x,  Arg-28,  30  &  33  modified  toxin 
(at  pH  7.5)  ;  o— -o,  Arg-28,  30,  33  &  36  modified 
toxin  (at  pH  8.0). 

B-8  Fig.  8.  Immunodiffusion  i“>  agar  gel.  Central  well:  24 

anti-cobrotoxin  serum.  Surrounding  wells:  C,  cobrotoxin; 
6.0,  Arg-28  modified  toxin  (at  pH  6.0);  6.7,  Arg-28  & 

33  modified  toxin  (at  pH  6.7);  7.5.  Arg-28,  30  &  33 
modified  toxin  (at  pH  7.5);  8.0,  Arg-28,  30,  33  &■  36 
modified  toxin  (at  pH  8.0). 

B-9  Fig.  9.  Gel  filtration  patterns  of  cobrotoxin,  Arg-  25 

modified  derivatives  and  oc-cbymo trypsin  on  Sephadex 
G— 50 ,  The  column  was  equilibrated  with  0.067  M 
phosphate  buffer  (pH  7.4)  to  a  constant  height  (2  cm 
x  83  cm).  Each  sample  (10  mg)  dissolved  in  the  same 
buffer,  was  applied  . nto  the  column  and  eluted  with 
the  same  buffer.  5  ml  fractions  were  collected  at 
g  rate  of  25  ml  per  h  and  the  protein  concentration 
was  determined  by  the  method  of  Lowry  et_  al.  (30).  , 

cobrotoxin;  x - x,  Arg-28  &  33  modified  toxin;  a - 1, 

Arg-28,  30  33  36,  modified  toxin;  « — ■+  ,  o< -chymotrypsin. 
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(Showing  the  region  between  positions  25  and  49  which 
contains  most  cf  the  basic  residues) 
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Studies  on  the  Status  of  Arginine  Residues  in  C obro toxin 


I.  Introduction  ■ 

Cobro toxin,  a  neuro toxic  crystalling  protein,  was 
isolated  from  the  venom  of  Taiwan  cobra  ( Na  na  ja  a  Ira)  ( 1 ) 

and  was  proved  to  be  tho  main  toxic  protein  in  cobra  venom  (2). 
The  two-dimensional  structure  of  the  toxin  has  recently  been; 
established  (3,4),  permits  a  study  of  structure-function  '  • 

relationships.  Preceding  studies  (5-9)  on  the  chemical 
modification  of  the  single  tryptophan,  tyrosyl  and  his tidy 1 
residr.es,  free  a.mino  and  carboxyl  groups  in  cobro  toxin  suggested 
that  either  the  intact  Trp-29,  Tyr-25,  His-32,  e-amino  group 
of  Lys-47  or  qr-carboxyl  group  of  Glu-21  is  essential  for  full 
activity  of  the  toxin. 

Cobrotoxin  is  a  basic  protein  having  six  arginine  residues 
at  the  positions  28,  30,  33 ,  36,  39  and  59  in  the  sequence 
(Fig.  1).  Modification  with  1 , 2-cyclohexanedione  (x0,ll)  in 
strong  alkaline  solution  (0.2  N  NaOH) ,  all  arginine  residues 
were  modified  and  lethal  activity  disappeared  completely. 

If  the  reaction  was  conducted  in  0.1  M  trie thy.lamine  buffer 
(pH  10)  ,  four  residues  were  modified  and  lethality  decreased 
to  1.6  %  (unpublished  observations).  The  reaction  conditions 
required,  however,  are  not  mild  enough  for  the  biologically 
active  protein  and  the  reagent  appears  to  react  with  4-amino 
group  of  lysine  residue  easily. 

Recently  Takahashi  (12)  has  reported  that  a  group  specific 
reagent,  phenylglyoxal ,  can  react  highly  specifically  with  • 
guanidino  group  of  arginine  residue  in  protein  under  mild 
conditions.  In  this  study,  selective  and  stepwise  chemical 
modification  of  arginine  ^residues  were  conducted  with  phenyl¬ 
glyoxal  and  the  degree  of  modification  in  relation  to  the 
lethal  activity  and  antigenic  specificity  has  been  studied 
in  details.  From  the  results  of  this  investigation,  the 
arginine  residues  which  are  essential  for  the  biological 
functions  of  cobrotoxin  have  been  differentiated,  and  the 
positions  of  these  residues  in  the  amino  acid  sequence  have 
also  been  established. 


II .  Materials  and  Methods 

Cobrotoxin  used  in  this  study  was  preput'ed  from  Taiwan 
cobra  (Na ja  na ja  atra)  venom  as  previously  described  (l). 
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p»jv;>y igiyoxai  nydrate  was  pui-c::asev!  from  Seikagaku  Kogyo  Co., 
Ltd.  and  K-eJr.r  ylmorpholine  from  Nakarai  Chemicals,  Ltd. 

Trypsin  and  chymotrypsin  were  the  products  of  the  Worthington 
Biochemical  Corp.  Reagent  grade  fS-mercaptoethanol  and  iodo- 
acetic  acid  obtained  from  Matheson  and  Coleman  Co.  were  used. 
Sephadex  G-25  and  CM~cellulose  were  purchased  from  the  Sigma 
Chemical  Co.  and  urea  was  a  Mallinckrodt  reage' -t.  All  other 
reagents  were  of  analytical  grade. 

1 .  Reaction  of  phenylglyoxal  with  cobrotoxin 

Modification  of  arginine  residues  in  cobrotoxin  with 
phenylglyoxal  was  performed  essentially  according  to  the 
method  described  by  Takahashi  (12).  To  a  solution  of  cobro¬ 
toxin  (4  jomoles)  in  0.5  ml  of  0.2  M  N-etbylmorpholine  acetate 
buffer  (pH  8.0),  a  100-fold  molar  excess  of  phenylglyoxal  in  3 
ml  of  the  same  buffer  was  added,  and  the  reaction  was  allowed 
to  proceed  at  room  temperature  (27°C)  for  1  h.  Reactions  at 
pH  values  other  than  8.0  were  carried  out  in  the  same  way, 
but  with  other  buffers.  The  mixture  was  passed  through  a 
column  of  Sephadex  G-25  (2.5  cm  x  40  cm),  followed  by  ion 
exchange  chromatography  on  CM-cellulose  with  a  gradient  of 
increasing  salt  concentration  from  0.005  M  to  0.5  M  ammonium 
acetate,  pH  5.8  to  6.8  (Fig.  2).  The  fractions  of  the  main 
protein  peak  were  lyophilized  and  desalted  by  passage  through 
a  column  of  Sephadex  G-25  (2.5  cm  x  50  cm)  equilibrated  with 
1  $  acetic  acid.  The  protein  fractions  were  then  pooled 
and  lyophilized. 


2 .  Identification  of  arginine  residues  modified 
by  phenylglyoxal 

In  order  to  differentiate  the  "essential"  arginine  residues 
in  the  amino  acid  sequence  of  cobrotoxin,  the  toxin  was  reacted 
with  phenylglyoxal  at  varying  pH  and  the  modified  derivatives 
were  reduced  and  S-carboxymethylated  (RCM)  by  the  procedure 
described  by  Crestfie.ld  et_  al.  (13) »  followed  by  chymotryptic 
digestion.  The  RCM-derivatives  were  dissolved  in  0.1  M  NH4HCO3 
buffer  (pH  8.2)  to  give  a  1  solution,  and  chymotrypsin  was 
added  (50  :  l).  Digestion  was  carried  out  at  27°C  for  5  h  and 
the  digest  was  dried  over  P2O5  in  a  desiccator  under  vacuum. 

Arginine-containing  peptides  from  chymotryptic  digests 
were  separated  by  a  combination  of  high  voltage  paper  electro¬ 
phoresis  at  pH  5.4  with  pyridine-acetic  acid-water  (20  :  7  : 

973»  by  vol. )  and  descending  paper  chromatography  with  n-butanol 
-acetic  ac  i-water-pyridine  (15  :  3  :  12  :  10,  by>v;j^)^,  ),  as 
previously  described  (6).  Peptides  on  the  map  were  developed 
initially  with  0.2  #  ninhydrin  in  acetone  and  thereafter  with 


-  2  - 


Sakaguchi  reagent  to  detect  arginine-containing  peptides.  s 
In  this  procedure,  the  arginine-containing  peptides  from 
cliyrao tryptic  digests  can  be  completely  separated  each  other 
and  obtained  in  a  good  yield, 

3.  Amino  acid  analysis 

About  0.2  jmiole  of  protein  sample  was  hydrolyzed  in 
1  ml  of  conetant-boiling  HC1  (5.7  M)  at  110°C  lor  2k  h  in 
evacuated  sealed  tubes.  Amino  acids  were  deteimned  on  a 
Technicon  amino  acid  autoanalyzer,  using  norleucme  ae  an 
internal  standard. 

k .  Measurements  of  lethal  acuviu 

Lethality  was  measured  by  intr-tperi  toneal  injection  of 
a  progressively  diluted  toxin  solution  into  mice  ( 10-18  g) , 
as  prsviously  described  (lk)  .  Four  mice  of  both  sexes  were 
uaed  for  each  dilution,  and  the  LU50  waff  calculated  according 
to  the  50  $  end-point  method  f  Heed  and  Mueuch  (15). 

5 •  Immunological  pioceuures 

Double  diffusion  in  agar  gel  was  performed  by  Ouchterlony 1 s 
technique  (16)  as  previously  described  (2).  The  quantitative 
precipitation  reactions  were  carried  out  as  described  by  Kabat 
and  Mayer  (17).  Increasing  amounts  of  antigen  in  0.02  M  Tria-HCl 
buffer  (pH  7-5)  containing  0.15  M  NaCl  were  added  to  a  constant 
amount  of  antisera  in  a  total  volume  of  1  ml .  The  tubes  were 
incubated  for  30  mm  at  37°C  and  then  left  overnight  at  k°C . 

The  precipitates  were  washed  3  times  with  cold  0.15  M  NaCl, 
after  which  they  were  dissolved  in  3  ml  of  0.02  M  NaOH,  and 
the  absorbances  were  measured  at  280  run. 


III.  Results 


1 .  Chemical  nodi f ic a t ion  of  arginine  residues  in 
cobrotoxin 

Changes  of  lethal  activity  of  cobrotoxin  by  reaction  with 
phenylglyoxal  at  varying  pH  values  ore  shown  in  Fig.  3.  the 
lethal  activity  decreased  rapidly  when  the  reactions  were 
performed  at  pH  7.5  or  higher  pH  and  the  lethality  lost  almost 
completely  after  60  min.  However,  the  rate  of  inactivation 
was  decreased  significantly  when  the  pH  of  the  reaction  was 
lowered.  The  lethal  activity  remained  unchanged  when  the 
reaction  was  proceeded  at  pH  6.0  even  for  80  rain. 


2  -  lot.n  t i f  ica  ti on  of'  .arginine  residues  modified 
by  phenylglyoxal 

The  results  of  amino  acid  analysis  of  the  modified 
derivatives  (Table  i)  showed  that  four  of  the  six  A rg- 
residues  in  cobro toxin  were  modified  when  the  reaction  was 
carried  out  at  pH  8.0.  However,  only  one  Arg- residue  was 
modified  when  the  reaction  was  carried  out  at  pH  6 .  0  and 
essentially  two  and  three  Arg-residues  were  modified  by  the 
reactions  at  pH  6.7  and  pH  7»5»  respectively.  All  other 
amino  acids  remained  essentially  unchanged. 

In  order  to  determine  the  position  of  Arg- residues 
modified,  the  modified  derivatives  were  digested  with  chymo- 
trypsin  after  reduction  and  S-carboxymethylation.  Peptide 
maps  prepared  from  chymo tryptic  digests  by  a  combination 
of  high  voltage  paper  electrophoresis  and  paper  chromatography 
were  compared  with  that  of  native  toxin  (Fig.  4).  The 
Arg-containing  peptides  were  detected  by  Sakaguchi  reagent 
and  the  position  of  Arg- residue  which  was  selectively  modified 
with  phenylglyoxal  at  pH  6.0  was  identified  as  Arg- 28  (Fig. 

4-B) .  Two  of  the  six  Arg-residues  which  were  modified  at 
pH  6.7  were  identified  as  Arg-28  and  Arg-33  (Fig.  4-C). 

It  can  be  seen  in  Fig.  4-D,  an  additional  Arg-res.idue  modified 
at  pH  7.3  was  Arg- 30. 

As  shown  in  the  peptide  map  (Fig.  4-E)  of  RCM-Arg-modif ied 
toxin  (at  pH  8.0),  three  Arg- 59  containing  peptides  (C-l,  C-3 
and  C-ll,  ref.  Table  II)  and  one  Arg-36  &  39  containing 
peptide  (C-13>  ref.’  Table  II)  are  positive  for  Sakaguchi  test. 
The  result  of  amino  $cid  analysis  (Table  i)  shows  that  four 
Arg-residues  were  modified.  This  suggests  that  either  Arg-3 6 
or  Arg-39  was  also  modified  besides  Arg-28,  30  and  33. 
Therefore,  the  Arg-36  &  39  containing  peptide,  C-13»  was  cut 
out,  eluted  with  1  M  acetic  acid  and  dried.  The  dried 
material  was  dissolved  in  0.2  ml  of  0.1  M  NH4HCO3  (pH  8.2) 
and  0.05  ml  of  trypsin  solution  (5  mg/ml)  was  added. 

After  the  mixture  was  incubated  at  2?°C  for  2  h,  the  pH  of 
the  solution  was  lowered.  The  solution  was  taken  to  dryness 
for  paper  electrophoresis  at  pH  3.4  along  with  authentic 
arginine,  asparagine  and  glutamic  acid.  The  paper 
electrophoretogram  shown  in  Fig.  5  gave  three  spots;  two  at 
cathodic  side,  of  which  one  spot  just  corresponds  to  aspar¬ 
agine,  and  one  at  anodic  side.  No  free  Arg-residue  was 
appeared.  Since  the  peptide  C-l 3  has  the  following  amino 
acid  sequence  (ref.  Table  II) , 


unu  if  onl>  Arg-3o  was  modified,  the  following  two  peptides 
and  a  free  asparagine  will  be  given  oft'  after  tryptic  digestion, 

36  30 

Arg-Thr-Glu-Arg 

Gly-Cya-Gly-Cys-Pro-Ser-A  :•  L-:  ys 
Asn 

of  which  Arg-39  containing  peptide  gives  n  positive  color 
reaction  with  Sakaguchi  reagent.  Indeed,  it  happened  and  the 
results  indicate  accordingly  that  Arg-36  was  also  modified 
besides  Arg-28,  30  and  33  at  pH  8.0. 

3 .  Characterization  of  the  modified  derivatives 

As  shown  in  tig.  6,  the  ultraviolet  absorption  spectrum 
of  cobrotoxin  changed  extensively  by  reaction  with  phenylglyoxal . 
However,  only  Arg-28  modified  derivative  showed  a  similar  spectrum 
around  280  nm  as  that  of  native  toxin. 

Almost  complete  loss  of  lethal  activity  (Table  III)  and 
pronounced  decrease  of  antigenic  activity  (Pig.  7  and  8)  were 
observed  when  four  Arg-residues ,  Arg-28,  30,  33  A  36,  in 
cobrotoxin  were  modified.  However,  Arg-28  modified  derivative 
retained  essentially  full  lethality  and  antigenic  activity, 
suggests  that  the  Arg-28  which  is  most  accessible  to 
modification  is  not  essential  for  biological  functions  of 
cobrotoxin.  The  lethal  activity  of  Arg-28  &  33  modified 
toxin  drops  precipitously,  but  the  antigenic  activity  vas  not 
altered  significantly.  However,  the  lethality  lost  almost 
completely  and  the  antigenic  activity  decreased  30  ^  when  an 
additional  Arg-residue  at  position  30  was  modified.  These 
results  indicate  that  Arg-30  and  Arg-33  are  essential  for  the 
lethal  activity  and  Arg-30  and  Arg-36  are  more  closely  related 
to  the  antigenic  specificity  of  the  toxin. 

In  order  to  determine  whether  the  Arg-modified  derivative 
forms  a  polymer,  gel  filtration  on  Sephadex  G- 50  was  performed 
(Fig.  9).  In  comparison  with  cobrotoxin  (mol.  wt . ,  6,9^9) 
and  ot-chymo trypsin  (mol.  wt . ,  22,000),  both  the  Arg-28  &  33 
modified  toxin  and  Arg-28,  30,  33  &  36  modified  derivative 
revealed  significant  amount  of  polymerized  forms  and  the 
amount  of  polymers  increased  in  parallel  wi th  the  degree 
of  Arg-modification.  After  gel  filtration  of  Arg-28  &  33 
modified  toxin,  the  fractions  emerged  in  the  same  volumes 
of  eluate  as  those  of  cobrotoxin  and  o(-chymo trypsin, 
corresponding  to  the  monomeric  and  polymerized  forms  were 
pooled  for  the  determination  of  biological  activities. 

The  lethality  and  antigenic  activity  were  measured  after 


the  fractions  were  desalted  and  lyophilized.  As  shown  in 
Table  IV,  the  lothal  activity  and  antigenic  activity  of  the 
monomeric  form  is  almost  the  same  as  those  of  the  modified 
derivative.  Although  no  pronounced  decrease  of  antigenic 
activity  is  noted,  the  polymerized  form  is  completely 
non-toxic . 


IV .  Discussion 


Arg-2S  was  lound  to  be  the  most  accessible  to  the  reaction 
with  phenylglyoxal ,  and  it  is  the  only  one  modified  at  pH  6,0 
without  alteration  in  biological  activity  of  cobrotoxin. 

Arg-33  is  the  next  one  modified  when  the  reaction  was  carried 
out  at  pH  6.7.  An  additional  residue  modified  at  pH  7.5  was 
found  to  be  the  Arg-residue  at  the  position  30.  Arg-30  and 
Arg-33  are  essential  for  the  lethal  activity  and  Arg-30  and 
Arg-36  are  more  closely  related  to  the  antigenic  specificity 
of  the  toxin. 

There  are  three  moles  of  arginine  in  toxin  a  and  two  in 
toxin  b  of  Laticauda  semif  asciata .  Only  r.:»  Arg-residue 

was  modified  in  both  toxins  after  reaction  with  1,2-cyclo- 
hexanedione  (18).  The  modification  did  not  alter  the  lethality 
of  the  toxins,  confirms  that  at  least  one  of  the  Arg-residues 
is  not  essential  for  the  lethal  activity  of  snake  neurotoxins. 
Siaaensis  3  toxin  of  Naja  na ja  siamensia  (19)  contains  five 
arginine  residues  at  the  positions  2,  33,  37,  68  and  70. 
Digestion  of  the  toxin  with  protease  from  Arthrobacter  removed 

68  n0 

the  C-terminal  tetr apeptide ,  Arg-Lys-Af g-Pro ,  and  the  resulting 
molecule  is  half  as  toxic  as  the  intact  toxin.  The  result 
indicates  that  neither  Arg-68  nor  Arg-70  is  essential  for 
lethality.  However,  the  toxin  was  inactivated  by  reaction 
with  phenylglyoxal  and  the  inactive  monomeric  derivative, 
having  only  one  arginine  residue  modified,  was  separated. 

Pharmacological  properties  of  postsynaptic  neurotoxins 
are  the  same  as  those  of  d-tubocururine ,  except  for  the  slowness 
of  onset  and  the  lower  reversibility  of  the  paralysis  (21,  22). 
The  latter  difference  ia  probably  due  to  the  larger  molecular 
size  of  basic  polypeptides  in  comparison  to  d-tubocurarine , 
both  short  and  long  neurotoxins  (23)  show  a  great  affinity  to 
the  acetylcholine  receptor  on  the  motor  endplate  (24-28). 
Although  one  cannot  at  present,  exclude  the  possibility  that 
the  apparently  irreversible  toxin-receptor  interaction  might 
involve  the  formation  of  a  covalent  bond,  for  example,  by 
disulfide  interchange,  it  still  seems  likely  t.jat  the 


cationic  groups  present  in  snake  neuro toxins  might  be 

involved  in  the  interaction  with  the  receptors. 
Probably,  as  in  the  case  of  d-tubocurarine  (Fig.  10) ,  at 
least  two  basic  groups  with  positive  charge  held  at  a  certain 
distance  in  the  molecule  may  bo  responsible  for  their 
neuromuscular  blocking  activity. 

l 

«..  ■  Chemical  modification  of  Lys-47  with  group  specific 
rehgents  resulted  in  complete  loss  of  lethal  activity  without 
chainge  of  the  conformational  properties  (*->.29),  suggest  that 
the  positive  charge  contributed  by  the  e-amino  group  of 
Lys-47  (or  guanidino  group  of  arginine  resume)  which  present 
in  all  sequence  of  snake  neurotoxins  (Fig.  ll)  is  functionally 
essential  for  the  biological  activity  of  neurotoxins.  The 
results  of  selective  and  stepwise  arginine  modification  with 
group  specific  reagent,  phcnylglyoxal .  at  varying  pH  suggest 
that  at  least  the  Arg-residue  at  position  28  in  cobrotoxin 
is  not  essential.  However,  when  an  additional  Arg-residue 
at  position  33  was  modified  the  lethal  activity  drops 
precipitously,  and  the  lethality  even  lost  almost  completely 
when  a  third  Arg-residue  at  the  same  region  was  modified. 

This  indicates  that  the  cationic  groups  contributed  by  guanidino 
groups  of  Arg-residue  are  also  functionally  essential. 

This  functionally  essential  cationic  group  located  in  the  loop 
containing  the  sole  Trp-residue;  namely,  che  region  between 
positions  25  and  40  (Fig.  l)  which  contains  most  of  the  basic 
residues  and  aromatic  functional  residues,  and  this  uncross- 
linked  loop  possibly  protrude  outward  from  the  molecule 
because  of  its  hydrophilic  properties.  All  postsynaptic 

neurotoxins  sequenced  so  far  have  a  sequence  A?i-G?y  occurs 
at  the  same  or  homologous  positions  (Fig.  ll).  If  there 
should  exists  an  additional  essential  cationic  group,  this 
may  be  a  guanidino  group  of  Arg-33* 

Therefore,  it  seems  likely  that  the  positive  charges  of 
the  fc-amino  group  of  Lys-47  and  of  the  guanidino  group  of  Arg-33 
probably  form  salt  bridges  with  the  anionic  sites  of  the 
receptors  which  recognize  the  quaternary  ammonium  ion  of 
acetylcholine.  The  definite  answer  will  have  to  await  the 
isolation  of  the  toxin  receptors  and  the  identification  of 
the  essential  basic  residues  which  are  masked  by  selective 
chemical  modification  in  the  neurotoxin- receptor  complex, 
and  the  structure  analysis  by  X-ray  crystallography  may 
provide  a  basis  for  consideration  of  structure-function 
relationship  for  cobrotoxin  and  the  studies  are  now  being 
undertaken. 
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V.  Conclusion 


Cobrotoxin  is  a  basic  protein  having  six  arginine  residues 
at  the  positions  28,  30,  33*  36,  39  and  51'  in  the  sequence. 

In  this  study,  selective  and  stepwise  chemical  modification  of 
arginine  residues  were  conducted  with  a  group  specific  reagent, 
phenyl gl yo xn  1 ,  at  varying  pH  and  t » . *  «;  egret*  oj  modification  in 
relation  to  the  lethal  activity  and  tuiigeuic  specificity  has 
been  studied  in  details. 

Reaction  of  cobrotoxin  with  phenylglvoxa L  at  pH  8.0 
resulted  in  almost  complete  loss  of  lethal,  activity  find 
four  of  the  six  arginine  residues  were  modified  consequently. 
However,  the  rate  of  inactivation  was  decreased  significantly 
when  the  pH  of  the  reaction  was  lowered.  Only  one  arginine 
residue  at  position  28  was  modified  at  pH  6.0  and  the  product 
retained  full  biological  activity.  Arg-33  is  the  next  one 
modified  when  the  reaction  was  carried  out  at  pH  6.7  and  the 
lethality  .drops  precipitously,  but  the  antigenic  activity 
was  not  altered  significantly.  However,  the  lethal  activity 
lost  almost  completely  and  the  antigenic  activity  decreased 
about  30  $  when  an  additional  arginine  residue  \t  position 
30  was  modified  at  pH  7*5* 

These  results  indicate  that  Arg-30  and  Arg-33  are 
essential  for  the  lethal  activity  ami  Arg-30  raid  Arg-36  are 
more  closely  related  to  the  antigenic  specificity  of  the 
toxin.  The  possible  mechanism  of  neuromuscular  blocking 
activity  of  snake  neurotoxin  is  discussed. 
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APPENDIX  A-l 


1  h  L  i  C  1 

Amino  acid  composition  of  c--bi  •  oxin  and 
arginine -mod if ied  do r i vat  Ives 


Residues 

per  mole 

of  protein 

Amino  acid  Cobrotoxin 

Mod if ied 

derivatives 

pH  6.0 

pH  6.7 

pH  7  •  5 

pH  8.0 

Aspartic  acid 

8 

8.1 

8.0 

8.1 

8.0 

Threonine 

8 

7-8 

7.9 

7.9 

7-9 

Serine 

4 

3-9 

3.8 

3.9 

4  .0 

Glutamic  acid 

7 

7.0 

7.1 

7-1 

7.0 

Proline 

2 

1.8 

1.8 

1.9 

1.7 

Glycine 

7 

7.1 

7.2 

7.0 

7.1 

Alanine 

- 

- 

- 

- 

- 

Half-cystine 

8 

8.1 

8.0 

7.9 

7.9 

Valine 

1 

0.9 

1.0 

0.9 

1.0 

Methionine 

- 

- 

- 

- 

- 

Isoleucine 

2 

1.9 

2.0 

2.0 

1.9 

Leucine 

1 

1.0* 

1.0 

1.0 

1.0 

Tyrosine 

2 

2.0 

1.9 

2.0 

1.9 

Phenylalanine 

- 

- 

- 

- 

- 

Lysine 

3 

3.0 

2.9 

3.0 

2.9 

Histidine 

2 

2.0 

1.9 

1.9 

1.9 

Arginine 

6 

hi 

4  .  l 

2.9 

2 . 1 

Tryptophan 

i 

1.0 

1 .0 

l  .0 

1.0 

*  All  values 

are  expressed  as 

molar  ratios  based 

on  leuc  me  =  1.0. 
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APPENDIX  A -2 


Amino 

Table  II 

acid  sequence  of'  chyme ti ypii  c  peptides  from 
and  S-carboxyme thylated  cobrotoxin 

reduced 

Peptides 

Amino  acid  sequence 

Arg-residues 

C-l 

H-Cvs-Cvs-Thr-Thr-Asp-Arc-Cys-Asn-Asn-OH 

Arg- 59 

N 

1 

o 

H-Gly-Cys-Ser-Gly-Gly-Glu-Thr-Asn-Cys- 

Tyr-OH 

# 

c-3 

H-Gly-Ile-Glu-Ile-Asn-Cys-Cys-Tbr-Thr- 
Asp-Arg-Cys -Asn-OH 

Arg-59 

C-4 

H-Thr-Gly-Cys-5er-Gly-Gl} -Glu-Thr-Asn- 
Cys-Tyr-OH 

c-3 

H-Cys-Tyr-OH 

c-6 

H-Asp-OH 

C-7 

H-Leu-Glu-Cys-His-OH 

C-8 

H-Glv-Ile-Glu-Ile-Asn-OH 

C-9 

H-Leu-Glu-Cys-His-Asn-Gln-Gln-OH 

C-ll 

H-Arg-Cys-Asn-Asn-OH 

Arg- 59 

C-12 

H-Ser-Ser-Gln-Thr-Pro-Thr-OH 

c-13 

H-Arg-Thr-Glu-Arg-Gly-Cys-Gly-Cys-Pro- 

Ser-Val-Lys-Asn-OH 

Arg-36  A  39 

C-l4 

H-Arg-Gly-Ty r-OH 

Arg-33 

C-15 

K- Arg- Asp-His-Arg-Gly-Ty r-OH 

Arg- 30  A  33 

C-l6 

H-Lys-Lvs-Arg-Trp-Arg-Asp-OH 

Arg-28  &  30 

C-17 

H-Lys-Arg-Trp-OH 

Arg-28 

C-18 

H-Lys-Lys-Arg-Trp-OH 

Arg-28 

APPENDIX  A- 3 


Table  III 


Stepwise 

modification  of  urgi-ulus 
with  phenylglyoxal  at 

i  residues  in 
varying  pH 

cobrotoxin 

Arg-residues 

Lethality 

Antigenic 

modified 

activity 

(*) 

Cobrotoxin 

None 

100 

100 

At  pH  6.0 

Arg-28 

100 

98 

pH  6.7 

Arg-28  &  33 

22.6 

94 

pH  7.5 

Are-28,  30  &  33 

3.1 

70 

pH  8.0 

Arg-28,  30,  33  &  36 

1.6 

34 

APPENDIX  A -4 


Table  IV 


The  lethality  and  antigenic  activity  of  monomeric 
and  polymeric  forms  separated  from  Arg-28  &  33  modified 
derivative  by  gel  filtration  on  Sephadex  G-50 


Lethality 

<*> 

Antigenic  activity 

(*) 

Cot ro toxin 

100 

100 

Arg-28  it  33  modified 
derivative 

22.0 

94 

Monomeric  form 

25 

95 

Polymerized  form 

0 

78 

Fig.  1.  Structure  of  cobrotoxin 
diagram  showing  the  arrangement  of  the 
sequence  of  the  amino  acid  residues. 


i'wo-dimensional  schematic 
disulfide  bonds  and  the 


4 
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A 
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APPENDIX  B-3 


TIME  (min) 


Pig.  3*  Changes  of  lethal  toxicity  of  cobrotoxin  by 
reaction  with  phenylglyoxal  at  varying  pK  values. 

6  mg  of  cobrotoxin  was  dissolved  in  0.5  mi  of  buffer 
solution  and  a  100- fold  molar  excess  of  phenylglyoxal  in 
1*5  ml  of  the  same  buffer  was  added.  Reaction  was  allowed 
to  proceed  at  2?°C.  After  suitable  intervals  of  time, 
aliquots  were  taken  for  determination  of  lethal  toxicity, 
•toffee  solution  used  were:  0.1  M  acetate ,  pH  6 ,Qj  0.1  M. 
phosphate,  pH  6. -7  or  pH  7*5  and  0.2  M  N-ethylmorpholine 
acetate,  p#  8.0. 
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APPENDIX  B-4a 


Fig.  U-A 


pH  "j . 't .  't  O  Vcm,  OO  nun  tl  >•  t  ) 
Pyridine-Acetic  acid-Wnter  •  jc  :  7  : 


Fig.  4.  Peptide  maps  of  the  cliyraotrvptic  hydrolysates 
of  RCM-cobro toxin  and  RCM-Arg-niodif led  derivatives  at  varying 
pH .  RCM-cobro  toxin :  A;  RCM-Arg-modif  ied  toxins:  nt  pH  6.0, 

B |  at  pH  6.7,  C:  at  pH  7.5.  Dj  at  pH  8,0,  K. 


Fig.  4-0 


O 


0 

Arg -y.'^ 

§ 

Aro-  Jf  •  :‘> 

0  :  -Po 

Do  •jf 

( 

+ 

ai-ci-59 


Ai  51- 3*J  '  J' 


f)  *r.-„0 

o  o  ©  <© 


Arg-59 
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A  rg 


i 


0  Tryptic  digests  of  C 


0 

Asn 


Stort 


0 

6iu 


pH  5.4,  40  V/cm,  70  min 
'  Pyridine- Acetic  acid-Water  (20:7:973) 


Fig.  5.  Paper  electrophoretogram  of  the  tryptic  digests 
of  C-13  (Arg-j6  &  39  containing  peptide)  from  chymotryptic 
hydrolysates  of  RCM-Arg-modif icd  cobrotoxin  (at  pH  8.0). 


APPENDIX  B-6 


WAVELENGTH  (nm) 

Fig.  6.  Absorption  spectra  of  cobrotoxin  (cbt)  and 
Arg-modil ied  derivatives.  Each  sample  (2  mg)  was 
dissolved  in  k  ml  of  0,01  M  ammonium  bicarbonate.  Arg-28, 
represents  the  Arg-28  modified  toxin;  Arg-2‘j  &.  33,  Arg-28 
it  33  modified  toxin;  Arg-28,  30  sx  33,  Arg-28,  30  <&  33  modi¬ 
fied  toxin;  Arg-28,  30,  33  &  3b,  Arg-28.  30,  33  &  30  modi¬ 
fied  toxin. 
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ANTIGEN  ( pg) 


Fig.  7«  Quantitative  precipitin  reactions 
of  coorotoxin  and  its  Arg-modified  derivatives  with 
anti -cobrotoxin  serum. 

0.4  ml  of  antiserum  was  used  in  each  case. 


m  — s  ,  cobrotoxinj 

(at  pH  6.0)5  a - 1 

(at  pH  6.7)5  34 - 

(at  pH  7*5)}  0 - 

toxin  (at  pH  8.0). 


a  _ A ,  Arg-28  modified  toxin 

k,  Arg-28  &  33  modified  toxin 
c,  Arg-28,  30  &  33  modified  toxin 
>,  Arg-28,  30,  33  &  38  modified 


-  23  - 


aPPE?TDXX  B-fa 


O 


© 


© 


©  0 


Fig.  8.  Immunodiffusion  in  agar  gel.  Central 
well:  an ti-cobro toxin  serum.  Surrounding  wells:  C, 
cobrotoxin;  6.0,  Arg-28  modified  toxin  (at  pH  6.°);  6.7, 
Arg-28  &  33  modified  toxin  (at  pH  6.7);  7-5, 

30  &  33  modified  toxin  (at'  pH  7«5);  8.0,  Arg-28,  3  » 

33  &  36  modified  toxin  (at-  pH  8.0). 


- 
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APPENDIX  B-9 


FRACTION  NUMBER 


Fig.  9.  Gel  filtration  patterns  of  cobrotoxin,  Arg- 
modified  derivatives  and  o(-chymo trypsin  on  Sephadex  G-50. 
The  column  was  equilibrated  with  0.067  M  phosphate  buffer 
(pH  7.4)  to  a  constant  height  (2  cm  x  83  cm).  Each 
sample  (10  mg)  dissolved  in  the  same  buffer,  was  applied 
onto. the  column  and  eluted  with  the  same  buffer.  5  ml 
fractions  were  collected  at  a  rate  of  25  ml  per  h  and  the 
protein  concentration  was  determined  by  the  method  of  Lowry 

et  al.  (30).  *■  —  -*,  cobrotoxin;  - *,  Arg-28  A  33  modified 

toxin;  * - Arg-23,  30  33  "  3* ,  modified  toxin; 

Or-chymo  tryps  in . 


n 
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d-Tubocurarin® 


i  u;.  10. 


a- Tubocurarine 


APPENDIX  B-1J 


N.  naja  atra 

(cobrotoxin) 

N.  haje  haje  «,*  N. 

nivea  S 

N.  nigricollia  V' 

(toxin  oc) 

N.  melanoleuca 

(toxin  d) 

H.  haemachatus 

(toxin  II) 

H.  haemachatus 

(toxin  IV) 

N.  nivea 

(toxin  (*) 

D.  polylepis 

(toxin  ct) 

E.  schistosa 

(toxin  4) 

E.  schistosa 

(toxin  5) 

L.  .mifasciata 

(erabutoxin  a) 

L.  ;:emifasciata 

(erabutoxin  b) 

L ,  ;>  ‘-mifasciata 

(erabutoxin  c) 

-.aja  siamcnsis 

(toxin  3) 

.  .i.i.la  naja 

(black  cobra  toxin) 

...ija  naja 

(toxin  3) 

M.  naja  naja 

(toxin  4) 

N.  nnja 

(toxin  A) 

N.  melanoleuca 

(toxin  b) 

N.  nivea 

(toxin  o<) 

0.  hannah 

(toxin  a) 

0.  hannah 

(toxin  b) 

D.  jamesonii 

(toxin  II) 

D.  polylepia 

(toxin  t r) 

D.  polylepis 

(to  -  In  S) 

0.  multicinctus 

{«-bungarotoxin ) 

28  30  3 

-Tyr- Lya  Lya  Arg-  -Trp-  Arg  -Asp-His- Ar 
-Tyr-  Lya  Lya  Arg'  -Trp-  Arg  Aap-HiS'  Ar- 
-Tyr-  Lya  Lya  Val-Trp-  Arg  -Asp-His-  Ar, 
-Tyr  Lya  Lya  Gln-Trp-Ser- Asp-His-  An 
-Tyr- Van  Lya  'Argj-Trp-tArgj-Asp-Hia  An 
-Tyr-  Lya-  Lya  6ln-Trp-Ser-Aap-His-  Art 
-Tyr-  Lya  Lya  Argj-Trp-jArg  Aap-His-  Ar< 
-Tyr-  Lya  Lya  -Tyr-Trp-  Arg  -Asp-His-  Ar. 
-Tyr-  Lya  Lya  -Thr-Trp-Ser-Aap-His-  Ar- 
-Tyr-  Lya  Lya  -Thr-Trp-Ser-Asp-His-  Ar 
-Tyr-Asn  Lya  -Gln-Trp-Ser- Asp-Phe-  Ar- 
-Tyr-Hia  Lya  -Gln-Trp-Ser-Asp-Phe-  Ar- 
-Tyr-Hia-  Lya  Gln-Trp-Ser-Aap-Phe-  Ar- 

-Tyr-Thr-  Lya  -Thr-Trp-CyS-Asp-  -  •  Ar 
-Tyr-Thr-  Lya  -Thr-Trp-CyS-Asp-  -  ■  Ar 
-Tyr-Thr-  Lya  -Thr-Trp-CyS-Asp-  -  ■  Ar 
-Tyr-Thr-  Lya  -Thr-Trp-CyS-Asp-  -  •  Ar 
-Tyr-Thr-  Lya-  -Thr-Trp-CyS-Asp-  -  •  Ar 
-Tyr-Th.'  Lya-  -Thr-Trp-CyS-Asp-  -  ■  Ar 
-Tyr-Thr-  Lya  -Met-Trp-CyS-Asp-  -  •  Ar 
-Tyr-Thr-Glu-Thr-Trp-CyS-Aap-  -  •  Ar 
-Tyr-Thr-  Lya-  'Thfr-Trp-CyS-Asp-  -  ■  Ar 
-Tyr-Thr  Lya  -Thr-Trp-CyS-Asp-  -  -  Ar 
-Tyr-Thr-  Lya  -Thr-Trp-CyS-Asp-  -  ■  Ar 
-Tyr-Thr  Lya-  -Thr-Trp-CyS-Asp-  -  •  Ar 
-Tyr-fArg  Lya  -Met-Trp-CyS-Asp-  -  ■  Ar 


Fig.  11.  Amino  acid  seque 

(Showing  the  region  betwee 
moat  of  the  baaic  residue 


28  30 
Arg  -Trp-  Arg  -Asp-His 
Arg;  Trp-  Arg  Asp-His 
Val -Trp-  Arg  Asp-His 
Gln-Tr p-Ser- Asp-Hi s 
Arg^Trp-tArgf  Asp-His 
6in-Trp-Ser- Asp-His 
Asp-His 
Asp-His 
Asp-His 
Thr-Trp-Ser-Asp-His 
Gln-Trp-Ser-Asp-PHe 
Gln-Trp-Ser-Asp-Phe 
Glr.-Trp-Ser-Asp-Phe 

Thr-Trp-CyS-Asp-  - 
Thr-Trp-CyS-Asp-  - 
Thr-Trp-CyS-Asp-  - 
Thr-Trp-CyS-Asp-  - 
Thr-Trp-CyS-Asp-  - 
Thr-Trp-CyS-Asp-  - 
Met-Trp-CyS-Asp-  - 
Thr-Trp-CyS-Asp-  - 

Thf-Trp-CyS-Asp - 

Thr-Trp-CyS-Asp-  - 

Thr-Trp-CyS-Asp - 

Thr-Trp-CyS-Asp - 

Met-Trp-CyS-Asp-  - 


Argj-Trp-  Arg 
Tyr-Trp-  Arg 
Thr-Trp-Ser- 


33 

Arg  Gly- 
Arg-  Gly- 
Arg-  Gly- 
Arg-  Gly- 
Arg-  Gly- 
Arg-  Gly- 
Arg-  Gly- 
Arg  Gly- 
Arg  Gly- 
Arg-  Gly- 
Arg  Gly 
Arg;  -Gly- 
Arg-  Gly- 


36 

Tyr-f  ArgfThr- 
-Ser-Ile-Thr- 
-Thr-Ile-Ile- 
■  Thr-Ile-Ile- 
-Thr- Ile-Ile- 
■Serfj[rg}Thr- 
•Thr-TTe-Ile- 
-Thr-Ile-Ile- 
-Thr-lArgl-Ile- 
•Thr  Arg  -lie- 
-Thr-Ile-Ile- 
-Thr-Ile-Ile- 
-Thr-Ile-Ile- 


Lys 

Arg 

Lys 

Arg 

Lys 

Arg 

Lys 

Arg 

Lys 

Arg 

Lys 

Arg 

Lys 

Arg 

Lys 

Arg 

Lys 

Arg 

Lys 

Arg 

Lys 

Arg 

Lys 

lie- 

Lys 

-Val- 

39 

•Glu-  Arg- 
-Glu-  Arg- 
-Glu-  Arg- 
-Glu-  Arg- 
-Glu-  Arg- 
-Glu-  Arg- 
-Glu-  Arg- 
-Glu-  Arg- 
-Glu-  Arg- 
-Glu-  Arg- 
-Glu-  Arg- 
-Glu-  Arg- 
-Glu-  'Arg- 

-Asp-Leu- 

-Asp-Leu- 

-Asp-Leu- 

-Asp-Leu- 

-Asp-Leu- 

-Asp-Leu- 

-Asp-Leu- 

-Asp-Leu- 

-Asp-Leu- 

-Glu-Leu- 

-Glu-Leu- 

-Glu-Leu- 

-Glu-Leu- 


Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

-Gly-CyS- 
-Gly-CyS- 
-Gly-CyS- 
-Gly-CyS- 
-Gly-CyS- 
-Gly-CyS- 
-Gly-CyS- 
-Gly-CyS- 
-Gly-CyS- 
-Gly-CyS- 
-Gl> -CyS- 
-Gly-CyS- 
-Gly-CyS- 


Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS- 

Gly-CyS 

Gly-CyS 

Gly-CyS- 

Gly-CyS 

Gly-CyS 

Gly-CyS 

- CyS 

- CyS 

- CyS 

-  -CyS 

-  -CyS 
- CyS 

-  -CyS 

-  -CyS 

-  -CyS 

- CyS 

- CyS 

- CyS 

- CyS 


_4  J 

•Pro-Ser-Val+LyslAsn-Gly- 

•  Pro-Ser- Val I  Lys  fcyjTiGl y- 

-Pro-Thr-ValfLysfftro-Gly- 

-  Pro-Ser- Val  ♦Lys-|Lys4Gly- 

-Pro-Thr-Val+Lys-*Pro-Gly- 

-Pro-Thr-Val+LyafPro-Gly- 

-Pro-Ser-Val-i-LyB^Lyal-Gly- 

-Pro-fLysJVal-J-Lys-rPro-Gly- 

-Pro-Gln-Val|Lys|Pro-Gly- 

-Pro-Gln-Val+Lys|ser-Gly- 

-Pro-Thr-Val-fLysfPro-Gly- 

-Pro-Thr-Val+Lys-i-Pro-Gly- 

-Pro-Thr-ValiLystPro-Gly- 
•  * 

-Pro-Thr-Val+Lys-J-Thr-Gly- 
-Pro-Thr-Val+Lysi-Thr-Gly- 
-Pro-Thr-Val+ArgeThr-Gly- 
-Pro-Thr-Val+Argi-Thr-Gly- 
-Pro-Thr-ValjArglThr-Gly- 
-Pro-Thr-Val+Lys-t-Pro-Gly- 
-Pro4Lys4Val-»Lyst-Pro-Gly- 
-Pro-Ile-Val+Lys-t-Pro-Gly- 
-Pro-  Lys  Val-»Lys-#-Pro-Gly- 
-Pro-  Lys  Val-*Lys-»-Thr-Gly- 
-Pro-  Lys  Val-fLysjAla-Gly- 
-Pro-  Lys  Val+LysfAla-Gly- 
-Pro-Ser  Lys^Lys-i-Pro-Tyr- 


11.  Amino  acid  sequence  of  snake  neurotoxins 

wing  the  region  between  positions  25  and  49  which  contains 
it  of  the  basic  residues). 
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